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[Title of the Invention] 

NON-AQUEOUS ELECTROLYTE BATTERY 


[Abstract] 
. [ Constitution ] 

A non-aqueous electrolyte battery comprising a positive 
electrode, a negative elec tro de using metal lj ^bluj^ua--eT a" 
material capable of adsorbing and dischargijigJJiJiiiim-^^ as 
a negative material and a non-aqueous electrolyte using lithium 


hexaf luorophosphate as a solute, in which an acid anhydride 

is added to the non-aqueous electrolyte. 

[Effect] 

Since decomposing degradation of LiPFg caused by the 
water content in the battery is suppressed by the acid anhydride 
added to the non-aqueous electrolyte, the battery of this 
invention is excellent in the store characteristics and, 
particularly, a secondary battery is excellent also in the 
cyclic characteristics since degradation due to decompos\tion 
of LiPFg upon charging/discharging is suppressed. 
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[Scope of the Claim for Patent] 

[Claim 1 ] A non-aqueous electrolyte battery comprising 
a positive electrode, a negative electrode using metal lithium 
or a material capable of adsorbing and discharging lithium ion 
as a negative material and a non-aqueous electrolyte using 
lithium hexafluorophosphate as a solute, in which an acid 
anhydride is added to the non-aqueous electrolyte. 

[Claim 2] A non-aqueous electrolyte battery as defined 
in claim 1 , wherein the acid^aahyd^ideis-aoetic^cj^^hydride, 
propionic acid anhydride N^^inic acid anhydride, >t^halic 
acid anhydride, maleic acid aithydrlde or a derivatjj^^^ereof . 

[Detailed Description of the Invention] 
[0001] 

[Industrial Field of Use] 

This invention concerns a non-aqueous electrolyte 
battery and, specifically, it relates to an improvement of the 
non-aqueous electrolyte battery with an aim of improving store 
characteristics of the non-aqueous electrolyte battery 
{primary and secondary battery) and cycle characteristics 
{secondary batteries). 
[0002] 

[Prior Art and Subject to be Solved by the Invention] 

Recently, non-aqueous electrolyte batteries comprising 
a negative electrode material using metal lithium or an alloy 
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capable of adsorbing and discharging lithium ions or a carbon 
material is noted as batteries capable of providing high 
capacity . 
[0003] 

As a solute of a non-aqueous electrolyte to be used for 
such a kind of batteries, lithium trif luoromethane sulfonate 
(LiCFjSOj) and lithium hexaf luorophosphate (LiPFg) are well 
known. Among them, since LiPF^ is one of the most noted solutes 
since it can provide a high electroconductivity of a non- 
aqueous electrolyte using the same as a solute and capable of 
providing a non-aqueous electrolyte battery showing excellent 
high discharge characteristics. 
[0004] 

However, when the non-aqueous electrolyte battery using 
LiPFj is stored for a long period of time or when a secondary 
battery is stored for a long period of time in a state after 
charging (in a state where lithium ions are adsorbed in a carbon 
material, or in a state where active lithium ions are deposited 
on the surface of metal lithium), LiPFg is decomposed by the 
water content present in the battery system (the water content 
in positive and negative electrodes and the water content in 
the electrolyte) or a water content intruded from the outside 
of the battery system, and the decomposed product and the 
lithium present in the negative electrode are reacted, and the 
reaction product is deposited on the surface of the negative 
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electrode. As a result, the reaction area of the negative 
electrode is decreased, and the capacity of the negative 
electrode is gradually reduced. In view of the above, existent 
non-aqueous electrolyte batteries, either primary or 
secondary batteries, have a problem of poor store 
characteristics . 
[0005] 

In particular, secondary batteries conducting 
charge/discharge repeatedly have a problem that their cycle 
characteristics are poor since the reaction area of the 
negative electrode is decreased gradually along with the 
progress of the charge/discharge cycle. 
[0006] 

This invention has been made in view of the situations 
described above, and the object thereof is to improve the store 
characteristics of a non-aqueous electrolyte battery using 
LiPFfi as an electrolyte solute (primary and secondary 
batteries) and cycle characteristics (secondary batteries). 
[0007] 

[Means for Solving the Subject] 

In the non-aqueous electrolyte battery according to this 
invention for attaining the object (hereinafter referred to 
as "the battery of this invention) comprising a positive 
electrode, a negative electrode using metal lithium or a 
material capable of adsorbing and discharging lithium ion as 


4 


a negative material and a non-aqueous electrolyte using lithium 
hexafluorophosphate as a solute, wherein an acid anhydride is 
added to the non-aqueous electrolyte. 
[0008] 

Typical examples of the acid anhydride can include, for 
example, mono-basic acids such as acetic acid anhydride and 
propionic acid anhydride and derivatives thereof, dibasic 
acids such as succinic acid anhydride, phthalic acid anhydride, 
maleic acid anhydride and derivatives thereof. The acid 
anhydrides may be either in the form of liquid (for example, 
acetic acid anhydride) or solid (for example, succinic acid 
anhydride) . 
[0009] 

The addition amount of the acid anhydride has to be 
changed depending on the amount of the water content contained 
in the battery and, generally, it is preferably from 0 . 1 to 
10% by weight based on the total amount of the non-aqueous 
electrolyte. The effect of the addition can not be obtained 
sufficiently when the content is less than 0.1% by weight and, 
on the other hand, lack of electrolyte is remarkable when it 
is more than 10% by weight. 
[0010] 

In this invention, the water content in the battery 
system is eliminated by reaction with an acid anhydride added 
to suppress decomposition of LiPFg caused by the reaction with 
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water which causes a problem when using LiPFg as a solute of 
the non-aqueous electrolyte, so that the store characteristics 
and the cycle characteristics of the non-aqueous electrolyte 
battery can be improved. Therefore, referring to a positive 
electrode material , a negative electrode material and a solvent 
for the non-aqueous electrolyte, various materials proposed 
or put into practical use for use in non-aqueous electrolyte 
can be used with no particular restriction. 
[0011] 

The positive electrode material (active material) for 
the secondary battery can include, for example, LiCoOj, LiMnOj, 
LiNiOj and LiFeOj and the positive electrode material for the 
primary battery can include, for example, MnO^ and fluorinated 
graphite. 
[0012] 

The negative electr ode material secondary: 
batter7~~carrTnTei«d^-; — for example, metal lithium or 
capHbie^f adsorbing and discharging lithium ions and 
Nliaterials) and the negative electrode material for the primary 
battery can include, for example, metal lithium. 
[0013] 

The solvent can include, for example, organic solvents 
such as ethylene carbonate, vinylene carbonate and propylene 
carbonate, and mixed solvents of them with solvents of low 
boiling point such as dimethyl carbonate, diethyl carbonate. 
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1,2-diinethoxyethane, l , 2-diethoxyethane and 

ethoxymethoxyethane . 

[0014] 

[Function] 

In the present invention, since the acid anhydride is 
added to the non-aqueous electrolyte, water generated in the 
battery system reacts with the acid anhydride to form a 
corresponding carboxylic acid (for example, in a case of acetic 
acid anhydride, it reacts with water to form acetic acid). 
Accordingly, degradation by decomposition of LiPFg can be 
suppressed when a non-aqueous electrolyte primary battery is 
stored for a long period of time or a non-aqueous electrolyte 
secondary battery is stored for a long period of time in a state 
being charged. Therefore, the reduction of the reaction area 
of the negative electrode, which is caused by the reaction of 
the decomposition product of LiPFg and lithium present in the 
negative electrode and the deposition of the reaction product 
on the surface of the negative electrode, can be suppressed. 
[0015] 

In particular, in a non-aqueous electrolyte secondary 
battery, since degradation by deposition of LiPFg upon 
charging/discharging can also be suppressed, reduction of 
' capacity of the battery along with the progress of the 
charge/discharge cycle can be suppressed. 
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[0016] 
[Example] 

This invention will be explained more specifically based 
on examples, but this invention is not restricted to the 
examples described below, and can optionally be modified within 
a range not departing the gist thereof. 
[0017] 
(Example 1) 

A non-aqueous secondary unit battery (AA size) of this 
invention was manufactured. 
[0018] 

[Positive electrode] 

A mixture obtained by mixing LiCoO^ and artificial 
graphite was dispersed in a 5 wt% solution of polyvinylidene 
fluoride in N-methyl pyrrol idone (NMP) to form a slurry so as 
to provide a weight ratio of 85:10:5 of LiCoO^ as a positive 
electrode active material manufactured by heat treatment at 
800°C, artificial graphite as a conducive agent and 
polyvinylidene fluoride as a binder, and the slurry was coated 
on both surfaces of an aluminum foil as a positive electrode 
collector by a doctor blade method, and then dried under vacuum 
at 130 °C for 2 hours to form a positive electrode. 
[0019] 

[Negative electrode] 
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A graphite powder was dispersed in 5wt% solution of 
polyvinylidene fluoride in NMP so as to provide a weight ratio 
between the graphite powder and polyvinylidene fluoride of 
85:15 to form a slurry, and the slurry was coated on both 
surfaces of a copper foil as a negative electrode collector 
by a doctor blade method, and then dried under vacuum at 100 
to 150''C for 2 hours to form a negative electrode. 
[0020] 

(Non-aqueous electrolyte) 

LiPFg was dissolved at a rate of IM (mol/liter) in a 
equi-volume mixture of ethylene carbonate (EC) and 1,2- 
dimethoxyethane (DME) , to which acetic acid anhydride was added 
and mixed to form a non-aqueous electrolyte containing 0.0 IM 
acetic acid anhydride. 
[0021] 

[Manufacture of a battery] 

An AA size unit battery BAl of this invention was 
manufactured by using both of positive and negative electrodes 
and the non-aqueous electrolyte. As a separator, a fine 
polypropylene porous film (trade name of "Cellguard", 
manufactured by Hoechstcelanese Co.) was used as a separator, 
to which the non-aqueous electrolyte was impregnated. 
[0022] 

Fig. 1 is a schematic cross sectional view of the prepared 
battery BAl of this invention, and the illustrated battery BAl 
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of this invention comprises a positive electrode 1, a negative 
electrode 2 , a separator 3 for separating both of the electrodes, 
a positive electrode lead 4, a negative electrode lead 5, a 
positive electrode external terminal 6 and a negative electrode 
can 7. The positive electrode 1 and the negative electrode 
2 are contained in the negative electrode can 7 while being 
wound spirally by way of the separator 3 to which a non-aqueous 
electrolyte is injected, the positive electrode 1 is connected 
to the positive electrode external terminal 6 by way of the 
positive electrode lead 4, and the negative electrode 2 is 
connected to the negative electrode can 7 by way of the negative 
electrode lead 5, so that the chemical energy generated inside 
the battery can be taken out as the electric energy to the 
outside. 
[0023] 

(Comparative Example 1) 

A non-aqueous electrolyte was formed in the same manner 
as in Example 1 except for not adding acetic acid anhydride. 
Then, a AA-size unit comparative battery BCl was. formed in the 
same manner as in Example 1 except for using this electrolyte. 
[0024] 

(Cycle characteristics) 

A charge/discharge cycle tests of charging at 200 mA up 
to a charge termination voltage of 4.1V, and then discharging 
at 200 mA to a discharge termination voltage of 2.75 V was 
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conducted for the batteries BAl of this invention and the 
comparative battery BCl. The results are shown in Fig. 2. In 
the test, the time when the discharge capacity reached 400 mAh 
was judged as the cell life, and the test was terminated at 
the time. 
[0025] 

Fig. 2 is a graph showing the cycle characteristics for 
each of the batteries while expressing the discharge capacity 
(mAh) on the ordinate and the number of cycles (times) on the 
abscissa. As shown in the figure, while the life of the battery 
BAl of this invention is as long as about 600 cycles, the life 
of the comparative battery BCl is as short as about 500 cycles. 
It can be seen from the result that the lowering of the discharge 
capacity caused by the . decomposition of LiPF^ upon 
charge/discharge cycle can be suppressed remarkably by the 
addition of acetic acid anhydride. 
[0026] 

Fig. 3 is a graph showing a relationship between the 
weight ratio of acetic acid anhydride in the non-aqueous 
electrolyte and the cycle life (the number of cycles (times) 
till the discharge capacity reaches 4 00 mAh) when the addition 
ratio of the acetic acid anhydride to the non-aqueous 
electrolyte is changed variously.. It can be seen from the 
figure that it is preferable to add acetic acid anhydride in 
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a range of from 0.1 to 10% by weight to the non-aqueous 

electrolyte in a case of acetic acid anhydride. 

[0027] 

(Store characteristics) 

The battery BAl of this invention and the comparative 
battery BCl were charged at 200 mA up to a charge termination 
voltage of 4.1 V, and then stored at 60°C for 10 days, 
(corresponding to storage at a normal temperature for about 
one-half year), and the battery capacity before and after the 
storage was examined. The results are shown in Table 1. 
[0028] 


[Table 1] 


Battery 

Batterv capacity before and after storage 

Capacity keeping rate 
(%) 

Before storage 
(mAh) 

After storage 
(mAh) 

BAl 

603 

598 

99 

BCl 

604 

531 

88 


[0029] 

As apparent from Table 1 , the capacity keeping rate of 
the battery BAl of this invention is as high as 99%, while that 
of the comparative battery BCl is as low as 88%. It can be 
seen from the facts that the reduction of the discharge capacity 
caused by the decomposition of LiPFj when stored in a charged 
state is suppressed remarkably by the addition of acetic acid 
to the non-aqueous electrolyte. 
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[0030] 
(Example 2) 

A non-aqueous electrolyte was prepared in the same 
manner as in Example 1 except for using equi-volume mixed 
solvent of propylene carbonate and DME instead of using the 
equi-volume mixed solvent of EC and DME. Then, an AA-size unit 
battery BA2 of this invention was prepared in the same manner 
as in Example 1 except for using the non-aqueous electrolyte. 
[0031] 
(Example 3) 

A non-aqueous electrolyte was prepared in the same manner 
as in Example 2 except for adding and mixing O.OIM of propionic 
acid anhydride instead of using acetic acid anhydride. Then, 
an AA size unit battery BA3 of this invention was prepared in 
the same manner as in Example 1 except for using this non- 
aqueous electrolyte. 
[0032] 
(Example 4) 

A non-aqueous electrolyte was prepared in the same manner 
as in Example 2 except for adding and mixing O.OIM of succinic 
acid anhydride instead of using acetic acid anhydride. Then, 
an AA size unit battery BA4 of this invention was prepared in 
the same manner as in Example 1 except for using this non- 
aqueous electrolyte. 
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[0033] 

(Comparative Example 2) 

A non-aqueous electrolyte was prepared in the same manner 
as in Example 2 except for not adding and mixing acetic acid 
anhydride. Then, an AA size unit comparative battery BC2 was 
prepared in the same manner as in Example 1 except for using 
this non-aqueous electrolyte. 
[0034] 

(Cycle characteristics) 

A Charge/discharge cycle test was conducted for the 
batteries BA2 to BA4 of this invention and the comparative 
battery BC2 under the same condition as the previous 
charge/discharge cycle test to examine the cycle 
characteristics for each of the batteries. The results are 
shown in Fig. 4. The time when the discharge capacity reached 
400 mAh was judged as the cycle life of the battery in the same 
manner as the case of the previous charge/discharge cycle test, 
and the tests was terminated at the time. 
[0035] 

Fig. 4 is a graph showing the cycle characteristics for 
each of the batteries while expressing the discharge capacity 
(mAh) on the ordinate and the number of cycles (times) on the 
abscissa. As shown in the figure, while the lives of the 
batteries of the batteries BA2 to BA4 of this invention were 
as long as 600 cycles or more, the life of the comparative 
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battery BC2 was as short as about 500 cycles. It is considered 
to be attributable to the same reason as described for the 
"cycle characteristics" described previously. 
[0036] 

In the examples described above with reference to the 
case of applying this invention to non-aqueous electrolyte 
secondary cells, but similar excellent effects can be obtained 
also in a case of applying this invention to non-aqueous 
electrolyte primary cells. 
[0037] 

In addition, while examples are described with reference 
to the case of using acetic acid anhydride, propionic acid 
anhydride and succinic acid anhydride as the acid anhydride, 
non-aqueous electrolyte batteries showing similar excellent 
store characteristics and cycle characteristics can be 
obtained also in a case of using other acid anhydrides in 
addition to derivatives such as of acetic acid anhydride, 
phthalic acid anhydride, maleic acid anhydride and derivatives 
thereof. 
[0038] 

[Effect of This Invention] 

Since the degradation due to decomposition of LiPFg by 
the water content in the battery is suppressed by acid anhydride 
added to the non-aqueous electrolyte, the batteries of this 
invention are excellent in store characteristics and, in 
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particular, in the secondary batteries, since degradation due 
to decomposition of LiPFg during charge/discharge is less 
caused, they are excellent also in the cycle characteristics. 

[Brief Description of Drawings] 

[Fig. 1] Fig. 1 is a cross sectional view of the 
AA-size unit battery of this invention. 

[Fig. 2] Fig. 2 is a graph showing the cycle 
characteristics for each of the batteries of this invention 
and comparative batteries. 

[Fig. 3] Fig. 3 is a graph showing a relationship 
between the weight ratio (%) of acetic acid anhydride in the 
non-aqueous electrolyte and the cycle life (times). 

[Fig. 4] Fig. 4 is a graph showing cycle 
characteristics for each of the batteries of this invention 
and batteries of comparative batteries. 


[Explanation of Reference Numerals] 
BAl . . . batteries of this invention 

1 positive electrode, 

2 ... negative electrode, and 

3 ... separator 


16 


[Fig. 2] 

Discharge capacity (itiAh) 

Battery BAl of this invention (with addition of 
O.OIM of acetic acid anhydride) 

Comparative battery BCl (with no addition) 

Number of cycles (times) 

[Fig. 3] 

Cycle life (times) 

Weight ratio of acetic acid anhydride in non- 
aqueous electrolyte (%) 


Fig. 4 

Discharge capacity (mAh) 


Invented battery BA2 (with addition of O.OIM of 
acetic acid anhydride) 

Invented battery BA3 (with addition of O.OlM of 
propionic acid anhydride) 

Invented battery BA4 (with addition of O.OIM of 
succinic acid anhydride) 

Comparative battery BC2 (with no addition) 
Number of cycles (times) 
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